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A B S T R A C T
Purpose: Ring chromosome 20 {r(20)} – manifests as a refractory epilepsy syndrome with complex partial
seizures (CPS), nocturnal frontal lobe seizures and non-convulsive status epilepticus (NCSE) in the
majority of cases. r(20) lacks a speciﬁc phenotypic expression or dysmorphic features. Psychomotor
development may be normal, making the diagnosis difﬁcult unless there is a high index of suspicion. This
description of further cases is intended to improve recognition of this syndrome.
Methods: Karyotyping for r(20) was done in patients presenting with cryptogenic refractory epilepsy
suggestive of r(20) from August 2008 to September 2010. We identiﬁed three patients with r(20)
associated with refractory epilepsy. All were investigated with long-term video EEG. Their unique electro
clinical features; epilepsy syndrome and outcome are discussed and compared to the available literature.
Results: Karyotyping revealed ring 20 in 6–40% of lymphocytes. All manifested with seizures beginning at
2–10 years of age. All had CPS; two had NCSE and one a seizure disorder resembling Lennox–Gastaut
syndrome. The interictal EEG showed epileptiform abnormalities predominantly over the frontotemporal
regions. Two patients had NCSE with generalized, frontally dominant theta and spike and wave
discharges. None had facial dysmorphism or imaging abnormalities. They remained resistant to
antiepileptic drugs.
Conclusions: The use of routine karyotyping can easily pick up r(20); this information is especially useful
in resource-poor countries. We have evolved an algorithm stating the indications to attempt r(20)
karyotyping in a given patient in the light of the results of the present study and the existing literature.
 2011 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
Contents lists available at SciVerse ScienceDirect
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Chromosomal abnormalities are relatively common, genetically
determined disorders with a potential of developing epilepsy of
variable severity. In countries with limited resources, the use of
karyotyping can broaden the horizon of diagnosis in patients with
cryptogenic or neuroimaging-negative refractory epilepsy syn-
dromes. The ring chromosome 20 – r(20) syndrome represents the
most striking example of a chromosomal aberration in which
epilepsy can be the only expression of the disorder which can be
easily diagnosed by karyotyping. It manifests as refractory
complex partial seizures (CPS), nocturnal frontal lobe seizures
and non-convulsive status epilepticus (NCSE) occurring in over 90–
100% of cases. Unlike other chromosomal syndromes, this entity
lack a speciﬁc phenotypic expression, dysmorphic signs are
exceptional and psychomotor development may be normal or* Corresponding author at: Department of Neurology, Sree Chitra Tirunal
Institute for Medical Sciences and Technology, Trivandrum 695 011, Kerala, India.
Tel.: +91 471 2524282.
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1059-1311/$ – see front matter  2011 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2011.09.009only mildly abnormal.1–4 Therefore, a high index of suspicion is
needed to diagnose this entity.
2. Methods
A diligent karyotyping was performed in patients in whom we
had a high index of suspicion of r(20) syndrome who presented to
us with cryptogenic refractory epilepsy with speciﬁc electroclinical
features suggesting r(20), at the R. Madhavan Nayar Center for
Comprehensive Epilepsy Care, Sree Chitra Tirunal Institute for
Medical Sciences and Technology, Trivandrum, India from August
2008 to September 2010. Out of the nine such patients screened for
r(20), three were found to be positive. Their unique electro-clinical
features, epilepsy syndrome and outcome are discussed herewith
in comparison to the available literature. To the best of our
knowledge, no case of r(20) with refractory epilepsy has been
reported from India.
2.1. Case 1
A 15-year-old boy, ﬁrst born of third degree consanguinity with
normal developmental milestones presented with history of
seizures since 5 years of age. He had recurrent episodes of abrupt,vier Ltd. All rights reserved.
Fig. 1. Patient 1. (A) Diffuse polymorphic and monomorphic theta-delta activity with multifocal interictal epileptiform abnormalities predominantly over the frontotemporal
regions. (B) Multiple prolonged hypomotor complex partial sezures (CPS) was recorded of diffuse onset, of uncertain lateralization and lobar localization with predominant
fronto-temporal evolution. (C) Ictal progression into non-convulsive status epilepticus in the same patient. (D) Karyotyping revealed 46, XY, r(20)/46, XY with mosaicism of
25%.
A. Radhakrishnan et al. / Seizure 21 (2012) 92–97 93mirthless laughter with stereotyped clapping, restlessness and
urinary incontinence (4–5/month), at times preceded by epigastric
discomfort. Over the next 5 years, additional hypomotor CPS
appeared with nocturnal clustering at a frequency of 6–8/week. By
10 years of age, he developed complex partial status lasting 30–
45 min. There were myoclonic jerks in sleep too. In addition, a mild
to moderate psychomotor retardation was noted by his parents. He
had an intelligence quotient (IQ) of 61(Malin’s Intelligence Scale).
His high resolution magnetic resolution imaging (MRI brain, 1.5
Tesla, Signa, Milwaukee, U.S.A.) was normal. Video-electroenceph-
alography (VEEG) revealed diffuse polymorphic and monomorphic
theta-delta activity with multifocal interictal epileptiform abnor-
malities (IEDs) predominantly over the frontotemporal regions
(Fig. 1A). Multiple prolonged hypomotor CPS was recorded ofFig. 2. Patient 2. (A, B and C) Interictal activity consistent with Lennox–Gastaut. syndrom
discharges (1–3/s) with secondary bilateral synchrony and generalized paroxysmal fast a
r20.diffuse onset, of uncertain lateralization and lobar localization
with predominant fronto-temporal evolution (Fig. 1B), with two
episodes of NCSE (Fig. 1C). The myoclonus in sleep had no EEG
correlate. The boy continues to have refractory seizures on a
combination of various antiepileptic drugs (AEDs) – levetiracetam,
clobazam and lamotrigine at 1 year follow-up. Karyotyping
(Fig. 1D) revealed 46, XY, r(20)/46, XY with mosaicism of 25%.
2.2. Case 2
A 10-year-old boy, ﬁrst product of a non-consanguineous
parentage, delivered by caesarean section, indication being fetal
distress presented at 2–3 years of age with multiple episodes of
complex febrile seizures. Since the age of 4 years, while he was one with ill-formed background activity, scanty sleep architecture; slow spike wave
ctivity. (D) His karyotype was 46, XY, r(20)/46, XY with 6% of metaphases revealing
Fig. 3. Patient 3. (A) Serial VEEG monitoring showing bitemporal and bifrontal sharp waves. (B and C) Ictal recording documented complex partial seizures with generalized
burst of spike wave discharges lasting 1–1.5 s at onset followed by a period of attenuation of 2 s,with evolution into diffuse, rhythmic, polymorphic, medium amplitude theta
and spike wave discharges (1.5–3 Hz). (D) His karyotype was 46, XY, r(20)/46, XY with mosaicism of 40%.
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comprised brief axial, symmetric, tonic seizures associated with
falls and injuries (4–5/day). The second type was hypomotor CPS
(1–2/day). Frequent axial myoclonic jerks were also noted (2–3/
day). Despite attempts at AED optimization (combinations of
lamotrigine, valproate, clonazepam, topiramate and phenobarbi-
tone), his seizures continued. Psychomotor retardation, interictal
aggression and attention deﬁcit hyperactivity disorder were also
noted. At the age of 8 years, he developed secondary generalized
seizures. He had a development quotient (DQ) of 3 years
(Differential Ability Scale-II and Vineland Social Maturity Scale.)
His VEEG was consistent with a Lennox–Gastaut syndrome
(Fig. 2A–C) with ill-formed background activity, scanty sleep
architecture; slow spike wave discharges (1–3/s) with secondary
bilateral synchrony and generalized paroxysmal fast activity. His
MRI brain revealed mild left hemispheric atrophy. Despite
maintenance on adequate doses of lamotrigine, clobazam and
zonisamide, the seizures continued unabated at 9 month follow-
up. His karyotype (Fig. 2D) was 46, XY, r(20)/46, XY with 6% of
metaphases revealing r20.
2.3. Case 3
A 20-year-old gentleman presented with history of recurrent
seizures since 10 years of age. He was born of a non-consanguine-
ous parentage with no antecedents, had mild developmental delay
for gross and ﬁne motor milestones. His habitual seizures
commenced at the age of 10, with an aura of uneasiness followed
by behavioral arrest, occasional vocalization, confused behavior
and partial preservation of awareness. Most episodes lasted from
10 s (6–7/week) to as long as 30 min (4–5/month) and were
associated with clonic jerks of the left middle and ring ﬁngers.
Around 25% of them were nocturnal and subtle with brief
confusional arousals. His MRI brain was normal. VEEG monitoring
revealed bitemporal and bifrontal independent spikes in wakeful-
ness (Fig. 3A). Marked activation of bitemporal, bifrontal and
generalized spike wave discharges occurred in sleep. Ictal
recording documented episodes of behavioral arrest and unre-
sponsiveness lasting 10–15 min (NCSE) with diffuse, rhythmic,
polymorphic, medium amplitude theta evolving into 1.5–3 Hz
generalized slow spike wave discharges (Fig. 3B and C). His IQ was80(Wechsler’s Adult Intelligence scale). Currently aged 25 years,
on a combination of valproate and clobazam, the frequency of
seizures have reduced by 50%. He continues to remain scholasti-
cally poor and is unemployed. His karyotype (Fig. 3D) was 46, XY,
r(20)/46, XY with mosaicism of 40%.
3. Discussion
Ring chromosome 20 was ﬁrst reported in 1972.1–4 The
propositi described were mainly children with mental retardation,
seizures and microcephaly with multifocal and diffuse abnormali-
ties in EEG. It was characterized as a speciﬁc genetic syndrome in
1976 by Borgaonkar and colleagues at Johns Hopkins University,
following which over 60 cases of r(20) have been reported in the
literature.5 Most cases are sporadic, only a few are familial.6–8
Recently, much attention has been drawn to this under reported
genetic syndrome as one of the potential etiologies of cryptogenic
epilepsy syndromes, although it has not hitherto been classiﬁed as
a ‘‘genetic syndrome’’ causing epilepsy in the Indian League
Against Epilepsy (ILAE) classiﬁcation.
3.1. Pathogenesis of r(20)
There are multiple potentially epileptogenic chromosomal
regions which have demonstrated linkages for idiopathic epilepsy
syndromes (2q, 6p, 8q, 10q, 15q, 16p, 19p, 19q, 20q, 22q, Xp).9,10
While the presence of dysmorphism, intellectual disability or
neuroimaging abnormalities in a child or adult with refractory
epilepsy is a vital indicator towards proceeding with a karyotyping,
r(20) is unique in that there may be a lack of either of these
features.
Although the deletion of the whole short arm (p11-pter) of
chromosome 20 does not cause epilepsy, the terminal deletion of
the long arm involving 20q13 region results in epilepsy. These
ﬁndings suggest that some genes found in q13-qter could be
responsible for epilepsy.11 Two epileptic syndromes (autosomal
dominant nocturnal frontal lobe epilepsy and benign neonatal
convulsions) have been ascribed to a gene located in this
region.11,12 r(20) represents a type of deletion wherein the
breakpoint in most patients is in the p13q13.33 region of
chromosome 20. Two potential mechanisms operate in the genesis
A. Radhakrishnan et al. / Seizure 21 (2012) 92–97 95of r20.13 The ﬁrst mechanism is that there may be two DNA breaks
in each arm of the chromosome at the top and bottom causing
proximal end fusion and ring formation and subsequent loss of
distal material as ends break away. This loss leads to dysregulation
of gene expression and alteration in somatic cellular life cycle. The
other mechanism implicates the fusion of dysfunctional telomere
of the same chromosome, leading to shortening of telomeric DNA
and recombination with the other arm of the same chromosome.
Most notable is that there may be a silencing of the adjoining genes
by a telomere position effect. This theory was proposed to indicate
the reversible silencing of gene(s) near a telomere by a mechanism
that depends both on telomere length and on the distance to the
gene. Epigenetic mechanisms were highlighted in a recent study inTable 1
Electro clinical and genetic features of r(20) syndrome.
Sl. no. Series No. of patients Age at onset Clinical featu
1. Inoue et al.23 6 3–14 yrs  Brief and p
confusional s
 Eyelid myo
 GTCS 
 IQ-47-95
2. Augustijn et al.19 4 3–11.5 yrs  CPS 
 GTCS 
 NCSE
 Behavioral 
learning disa
3. Ville et al.17 6 Neonatal; 5–8 yrs  Brief hyper
prolonged hy
 Complex vi
hallucination
 IQ-60-80 
4. Vignoli et al.18 3 7.5–10 yrs  Brief noctur
and prolonge
CPS with aph
 Night terro
 IQ-69-86
5. Current Series (2010) 3 2–10 yrs  Brief and p
confusional s
 Polymorphi
like presenta
 Obscure no
(hypomotor a
 Psychomoto
 IQ-62-80
yrs – years, CPS – complex partial seizures, GTCS – generalized tonic clonic seizures, NCS
Lennox–Gastaut syndrome, MEG – magnetoencephalography, REM – rapid eye movem
a The square bracket shows the percentage of metaphases with the ring chromosomwhich it was demonstrated that cryptic deletions on chromosome
20 were not involved in the genesis of the syndrome and a
disturbance in the expression of genes around the telomere is
crucial to the pathophysiology.14 The chromosomal abnormality
can occur in mosaics. The mosaicism ratio is believed to be
signiﬁcantly associated with age at seizure onset, IQ, and
dysmorphism/malformation, but not with the response of epilepsy
to drug treatment.15 The entirety of the electro clinical features
strongly support the hypothesis of involvement of frontal lobe-
basal ganglia networks in r(20) syndrome.16 This epilepsy
syndrome is probably more focal rather than generalized, as
was previously suggested.17 The evidence in favor of this as noted
in our patients too are: (1) ictal hallucinations, ictal psychosis andres EEG characteristics Distinctive features
rolonged
tate
 Interictal: irregular high
voltage, slow bilateral/
unilateral synchronous and
asynchronous spikes
 r(20)p13q13.33 [10–53%]a
clonia  Ictal: focal/diffuse onset
with predominant bilateral or
frontal evolution
 MEG correlated dipole
clusters around fronto-
insular regions (n = 4)
 One patient underwent
intracranial monitoring and
beneﬁted from a right
anterior frontal
corticectomy; r(20) [10%]
 Interictal: diffuse slow
(maximal fronto-temporal)
generalized and
frontotemporal spikes
 r(20) [12–68%]
 No ictal data  Subtle nocturnal seizures
demonstrated
problems with
bility
 Disappearance of
epileptiform abnormalities in
REM sleep
motor and
pomotor CPS
 Interictal: intermittent/
continuous delta or slow
spike-wave discharges
(frontally dominant)
 r(20) [22–80%]
sual
s
 No ictal data  Neonatal onset in one
patient (2 h of life)
– r(20) [100%]
 Posterior head region ictal
onset
nal hypermotor
d hypomotor
asia
 Interictal: normal or frontal
theta-delta
 r(20) [26–53%]
rs  Ictal: diffuse attenuation or
generalized 3 Hz spike-wave
discharges (absence status)
 Cognitive impairment
characterized by frontal
executive, expressive
language dysfunction-
improvement on
combination of lamotrigine
and valproate
rolonged
tate (NCSE)
 Interictal: diffuse medium-
high amplitude theta-delta,
fronto-temporal spikes
 r20 [6–40%]
c seizures (LGS-
tion)
 Ictal onset: focal temporal/
diffuse attenuation/rhythmic
delta (frontal maximal)
 Epileptic encephalopathy
(LGS-like) presentation
cturnal CPS
nd hypermotor)
r retardation
E – non-convulsive status epilepticus, IQ – intelligence quotient, n – number, LGS –
ent.
e.
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especially orbitofrontal seizures, (2) NCSE in r(20) is characterized
by persistent bifrontal predominance of paroxysmal activity and
(3) Interictal EEG abnormalities are predominant noted in the
frontal/temporal regions.18
3.2. Diagnostic evaluation and karyotyping
Demonstration of r(20) is by the standard G-band karyotype
analysis performed on cells derived from blood cultures, bone
marrow, and skin ﬁbroblasts. At least 100 mitoses are examined
since the percentage of cells carrying the chromosome rearrange-
ment may be low. Methods such as ﬂuorescence in situ
hybridization (FISH) require telomere speciﬁc probes for short
and long arms of chromosome 20 which can identify the loss of
telomeric material in both the arms. A whole chromosome
painting probe of chromosome 20 can be done to show the origin
of the ring. Subtelomeric probes are also available. The lengths of
telomere can also be measured by a quantitative FISH.13 In most of
the cases, the locus of fusion between the deleted short and long
arms was p13q13, p13q13.3 or p13q13.33.19,20 The usefulness of
combining comparative genomic hybridization (CGH), FISH and
whole genome single nucleotide polymorphism array analysis was
demonstrated recently with detection of two groups of 28 patients
with r20. The mosaic group (attributed to a post-zygotic origin)
with no apparent loss of telomeric material had a higher age at
onset with lesser co-morbidities as opposed to the non-mosaic
group (of meiotic origin) with deletion(s) at one or both ends.21
However, in countries with limited resources where such
advanced investigations may not be routinely available, standard
karyotyping ensures adequate screening and identiﬁcation of
r(20). Identiﬁcation of mosaics, though useful in prognostication,
may not inﬂuence management decisions. Both IQ and age at
seizure onset have been inversely correlated with the ratio of
mosaicism, but no association between seizure severity and AED
resistance to mosaicism is known as seen in an analysis of the 57
reported cases so far by Nishiwaki et al.15 This was evident in case 2
of our series who had 6% of r(20) with an intractable epileptic
encephalopathy at presentation. Therefore, the prediction of
phenotype from the ratio should be cautious, particularly with
regard to genetic counseling.
3.3. Clinical features
There is no gender or racial predisposition. Abnormal physical
features are often lacking as in our series. Rare cases of r(20)
syndrome with dysmorphic features consisting of microcephaly,
plagiocephaly, synophrys, genital hypoplasia, dental malocclu-
sions, micrognathia, cauliﬂower-shaped ears, and coarse facial
features with slanting eyelids have been reported.22 Individuals
may have normal cognition despite periods of poorly controlledTable 2
When to suspect r20 syndrome?
1. Any refractory epilepsy, especially CPS with associated periods of NCSE wh
multiple scalp EEGs, video-EEG, high resolution MRI failing to detect any a
features, mental subnormality or positive family history pointing to a gene
2. The age of onset of seizures between early childhood (2–3 years) to adoles
3. The following seizure types need to be given speciﬁc attention-nocturnal h
with prolonged confusional episodes (either as absence status or complex 
hallucinations occurring very frequently
4. The EEG pattern comprising long-lasting, bilateral, paroxysmal, high-voltag
several minutes interictally or during seizures
5. Any patient with the diagnosis of ‘‘cryptogenic LGS’’, ‘‘nocturnal FLE’’ or on
6. The seizures remaining refractory to multiple AEDs tried singly or in comb
CPS – complex partial seizure, NCSE – non-convulsive status epilepticus, EEG – elect
syndrome, FLE – frontal lobe epilepsy, CSWS – continuous spike and wave discharges epilepsy and others may have profound learning disabilities and
require help with all aspects of daily life. In our series, the IQ in 2
patients ranged from 60 to 80, signifying borderline mental
retardation; patient 2 being profoundly retarded. Behavioral
problems can vary from minor concentration and attention
difﬁculties to profound problems. Dysfunction of striatal dopamine
in patients with r(20) has been described, which may contribute to
apathy and mutism in few.16 Familial occurrences with variability
of the phenotypes have been described rarely.7,8 The level of
mosaicism was found to be contributory to the increasing severity
of manifestations in successive generations.8
3.4. Seizure types and epilepsy syndromes in r(20)
The age of onset of seizures can be anywhere between infancy
and 20 years of age. Seizures are usually severe with frequent CPS,
nocturnal frontal lobe seizures, and NCSE characterized by
repetitive episodes of confusional state, lasting minutes to
hours.23,24 During these periods, motionless stare, complex
automatisms and even wandering has been described.23,24 In
our series, hypo motor CPS and subtle and overt nocturnal seizures
were uniform characteristics and episodes of prolonged CPS akin to
NCSE were seen in two patients. Nocturnal events in the form
nocturnal confusional arousals with stretching, rubbing and
turning of body have been reported as in case 3 of our series.
New-onset fears, which appear concomitantly with seizures, as
well as terrifying hallucinations often mimicking night terrors,
have been reported in few.17,18 These can be misinterpreted as non
epileptic events especially in children, unless documented by
video-EEG. Seizures are often refractory to AEDs as in most of our
children.17–20,23,24 r(20) is often confused with other epilepsy
syndromes, most notably Lennox–Gastaut syndrome (LGS) as in
case 2 of our series.23 Unlike in LGS, frequent, violent, brief seizures
at night, usually beginning in childhood is noted in r(20). The
seizures in ADNFLE which is a close mimic, on the contrary can be
easily controlled with AEDs.11,12 The nocturnal EEG pattern in r(20)
may also have overlapping features of continuous spike and wave
discharges during slow wave sleep (CSWS). Many patients for years
together carry a label of ‘‘refractory CPS with paroxysmal NCSE of
obscure aetiology’’ like case 3 in our series. The time lag from onset
of epilepsy to diagnosis is usually long, with many unnecessary
investigations and disappointing treatments. Biraben et al. pro-
posed that the long duration of the epileptic seizures in patients
with r(20) could result from an abnormality of endogenous seizure
terminating mechanisms.16
3.5. Electrophysiological features
Distinct electro-clinical features suggesting a frontotemporal
origin of the seizures have been described by means of implanted
sub dural electrodes.23 A frontal predominance of interictalere the syndromic diagnosis remains obscure despite extensive evaluation with
bnormality and the absence of focal neurological signs, prominent dysmorphic
tic syndrome
cence/early adulthood
ypomotor and hypermotor CPS of variable semiology, frontal lobe seizures. NCSE
partial status) and nocturnal confusional arousals with night terrors and visual
e slow waves, with occasional spikes over the frontal/temporal lobes lasting for
e exhibiting a ‘‘CSWS pattern’’ in sleep
ination
ro encephalography, MRI – magnetic resonance imaging, LGS – Lennox–Gastaut
in slow wave sleep, AED – antiepileptic drug.
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runs of long-lasting, bilateral, paroxysmal, high-voltage slow waves,
with occasional spikes over frontal lobes (rendering a sharply
contoured or notched appearance), which has been described as
NCSE is a striking ﬁnding.23–26 Sharp waves (5–6 Hz) which are
irregular, diffuse and discontinuous occurring dominantly in the
centroparietal area are also described.7 Focal ictal onset (fronto-
temporal and posterior head region) is also well documented.22,27
(Table 1). The overall data presently favors a focal epilepsy syndrome
as seen in our patients as opposed to a generalized one as was
thought earlier.16,17
3.6. Management and outcome
Management of children and adults with r(20) is symptomatic.
A combination of valproate and lamotrigine is reportedly useful for
treating NCSE and improving the cognition.18 Improvement after
vagus nerve stimulation has also been reported.27 Deterioration in
clinical seizures (with evolution of lethal status epilepticus),
cognitive status and EEG has been reported after 13–25 years of
clinical follow-up.28,29 Long term outcomes are unknown and are
bound to become clear only when more and more cases are
reported. Table 2 provides an outline of the salient features of r(20)
syndrome.
4. Conclusions
The description of new cases with long-term follow-up may
contribute towards a better deﬁnition of the clinical features of
r(20) syndrome. An early recognition of r(20) syndrome and
aggressive treatment might be helpful to control the seizures and
avoid long term cognitive deterioration. We like to emphasize that
a routine karyotyping can be employed in a developing country
like ours to identify such patients easily. We have evolved an
algorithm stating the indications to attempt r(20) karyotyping in a
given patient in the light of the present study and the existing
literature (Table 2).
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